Electronic Version 
Stylesheet Version vl.1.1 

Description 
DOOR OPERATOR 

Background of Invention 

[0001] This invention relates generally to door operators, and 
more particularly to a door operator for selectively auto- 
matically or manually opening a door. 

[0002] The purpose of door operators is to open and close a 

door. Automatic door operators are used on public build- 
ings and residences to allow for access by the physically 
disabled or where manual operation of the door may be 
inconvenient to users. In public facilities, it is a required 
American National Standard that doors which provide 
ingress and egress have the ability to open automatically 
in order to allow handicapped people passage through the 
doorway. 

[0003] A variety of electro-mechanical automatic door operators 
are known. A typical door operator includes an electric 
motor and a linkage assembly for operatively coupling the 
drive shaft of the motor to a door so that the door will be 
opened and closed when the drive shaft rotates. Activation 



of the door operator is initiated by means of an electric 
signal generated in a variety of ways sucli as, for example, 
a pressure switch, an ultrasonic or photoelectric presence 
sensor, motion sensors, radio transmitters, wall switches, 
and the like. The door may then be closed under power or 
with a door closer. A conventional door closer uses an in- 
ternal spring mechanism which is compressed during the 
opening of the door for storing sufficient energy so that 
the door can be returned to a closed position without the 
input of additional electrical energy. In the some door op- 
erators, the automatic, powered opening system is still 
engaged so that the spring force of the door closer must 
overcome the resistance caused by counter-rotating the 
gear train coupled to the motor. Since this spring force 
must be large, an individual manually opening the door 
must exert substantial force to overcome the spring force 
and the resistance forces generated by the opening sys- 
tem. Moreover, driving the components of the powered 
opening system during manual opening and closing of the 
door causes the gear train to become worn more quickly 
over time. 

[0004] Some door operator systems are provided with clutch 

mechanisms between the motor and the linkage assembly 



that enable the door to be moved freely under manual 
power. Various clutching mechanisms decouple powered 
opening system during the closing cycle, which is particu- 
larly necessary in the event of an interruption of power 
supply. This solution still presents problems. For example, 
a door operator utilizing a slip clutch or the like will create 
some drag or resistance when the door is manually 
opened or closed. Moreover, conventional clutch mecha- 
nisms which do not create resistance suffer from a limited 
range of motion. 
[0005] For the foregoing reasons, there is a need for a door op- 
erator which allows for selective automatic or manual door 
operation wherein manual opening and closing of the 
door does not engage any of the components within an 
automatic powered door opener, allowing the user to pass 
through the door as though the door were not equipped 
with the door operator. The new door operator should 
function with various combinations of door configura- 
tions, including push and pull side applications and right- 
hand and left-hand doors. Ideally, the new door operator 

would be adapted for use with existing door construction. 
Summary of Invention 

[0006] According to the present invention, a drive mechanism is 



provided for a door operator for selectively automatically 
operating a door positioned within a door frame and 
hinged along one edge to the door frame for movement 
between a closed position and an open position. The drive 
mechanism comprises a drive member and a driven mem- 
ber. The drive member includes a protrusion extending 
from the surface of the drive member. The edges of the 
protrusion form first and second driving surfaces, respec- 
tively, which define a free space of at least about 90° there 
between. The drive member is adapted to be operably 
connected to a motor assembly for rotating the drive 
member about an axis through an arc in a first direction 
from a first angular orientation corresponding to the 
closed position of the door to a second angular orienta- 
tion corresponding to the open position of the door, and 
about the axis through an arc in an opposite direction 
from the second angular orientation to the first angular 
orientation. Rotation of the drive member from the first 
angular orientation to the second angular orientation cor- 
responds to movement of the door from the closed posi- 
tion to the open position. The driven member includes a 
protrusion extending from the surface of the driven mem- 
ber. The sides of the protrusion form a first and a second 



driven surface, respectively. Tlie driven member is 
adapted to be connected for rotation with a door closer 
assembly about an axis through an arc between a first an- 
gular orientation corresponding to the closed position of 
the door and a second angular orientation corresponding 
to the open position of the door, and about the axis 
through an arc in an opposite direction from the second 
angular orientation to the first angular orientation. Rota- 
tion of the driven member from the second angular orien- 
tation to the first angular orientation corresponds to 
movement of the door from an open position to the 
closed position. The drive member and the driven member 
are disposed for relative rotation in substantially the same 
plane such that the driven member protrusion moves in 
the free space defined by the driving surfaces of the drive 
member protrusion. When the drive member and the 
driven member are in their respective first angular orien- 
tations, one of the driving surfaces of the protrusion of 
the drive member is adjacent one of the driven surfaces of 
the protrusion of the driven member such that rotation of 
the drive member from the first angular orientation to the 
second angular orientation in a direction toward the adja- 
cent driven surface causes rotation of the driven member 



for powered opening of the door from the closed position 
to the open position. The driven member protrusion 
moves in the free space from the first angular orientation 
to the second angular orientation without engaging the 
protrusion surfaces when the door is opened manually 
from the closed position and allowed to close. 
[0007] Also according to the present invention, an apparatus is 
provided for use with a source of electrical energy for se- 
lectively automatically operating a door positioned within 
a door frame and hinged along one edge to the door 
frame for movement between a closed position and an 
open position. The door operating apparatus comprises a 
bi-directional motor assembly adapted to be coupled to 
the source of electrical energy. An automatic door closer 
assembly, adapted to be operably connected to the door, 
includes a rotatable output shaft and means for providing 
a force on the shaft when the door is in an open position 
for moving the door in the closing direction. A drive 
member includes a protrusion extending from the drive 
member. The edges of the protrusion form first and sec- 
ond driving surfaces, respectively, which define a free 
space of at least about 90° there between. The drive 
member is operably connected to the motor assembly for 



rotating the drive member about an axis tlirough an arc in 
a first direction from a first angular orientation corre- 
sponding to tlie closed position of the door to a second 
angular orientation corresponding to the open position of 
the door, and about the axis through an arc in an oppo- 
site direction from the second angular orientation to the 
first angular orientation. Rotation of the drive member 
from the first angular orientation to the second angular 
orientation corresponds to movement of the door from 
the closed position to the open position. A driven member 
includes a protrusion extending from the surface of the 
driven member. The sides of the protrusion form a first 
and a second driven surface, respectively. The driven 
member is connected for rotation to the door closer as- 
sembly about an axis through an arc between a first an- 
gular orientation corresponding to the closed position of 
the door and a second angular orientation corresponding 
to the open position of the door, and about the axis 
through an arc in an opposite direction from the second 
angular orientation to the first angular orientation. Rota- 
tion of the driven member from the second angular orien- 
tation to the first angular orientation corresponds to 
movement of the door from an open position to the 



closed position. Tlie drive member and tlie driven member 
are disposed for relative rotation in substantially the same 
plane such that the driven member protrusion moves in 
the free space defined by the driving surfaces of the drive 
member protrusion. When the drive member and the 
driven member are in their respective first angular orien- 
tations, one of the driving surfaces of the protrusion of 
the drive member is adjacent to one of the driven surfaces 
of the protrusion of the driven member such that rotation 
of the drive member from the first angular orientation to 
the second angular orientation in a direction toward the 
adjacent driven surface causes rotation of the driven 
member for powered opening of the door from the closed 
position to the open position. The driven member protru- 
sion moves in the free space from the first angular orien- 
tation to the second angular orientation without engaging 
the protrusion surfaces when the door is opened manually 
from the closed position and allowed to close. 
[0008] Further according to the present invention, a method is 
provided for using a door operator for selectively auto- 
matically operating a door positioned within a door frame 
and hinged along one edge to the door frame for move- 
ment between a closed position and an open position. The 



door operating method comprises the steps of providing a 
drive mechanism adapted to be disposed between a motor 
assembly and a door closer assembly. The drive mecha- 
nism comprises a drive member and a driven member. 
The drive member includes a protrusion extending from 
the surface of the drive member. The edges of the protru- 
sion form first and second driving surfaces, respectively. 
The drive member is adapted to be operably connected to 
the motor assembly for rotating the drive member about 
an axis through an arc in a first direction from a first an- 
gular orientation corresponding to the closed position of 
the door to a second angular orientation corresponding to 
the open position of the door, and about the axis through 
an arc in an opposite direction from the second angular 
orientation to the first angular orientation. Rotation of the 
drive member from the first angular orientation to the 
second angular orientation corresponds to movement of 
the door from the closed position to the open position. 
The driven member includes a protrusion extending from 
the surface of the driven member. The sides of the pro- 
trusion form a first and a second driven surface, respec- 
tively. The driven member is adapted to be connected for 
rotation to the door closer assembly about an axis 



through an arc between a first angular orientation corre- 
sponding to the closed position of the door and a second 
angular orientation corresponding to the open position of 
the door, and about the axis through an arc in an oppo- 
site direction from the second angular orientation to the 
first angular orientation. Rotation of the driven member 
from the second angular orientation to the first angular 
orientation corresponds to movement of the door from an 
open position to the closed position. The drive member 
and the driven member are disposed for relative rotation 
in substantially the same plane such that the driven mem- 
ber protrusion moves in the free space defined by the 
driving surfaces of the drive member protrusion. When the 
drive member and the driven member are in their respec- 
tive first angular orientations, one of the driving surfaces 
of the protrusion of the drive member is adjacent to one 
of the driven surfaces of the protrusion of the driven 
member. The method of the present invention further 
comprises the steps of rotating the drive member in a di- 
rection toward the adjacent driven surface from the first 
angular orientation toward the second angular orientation 
causing rotation of the driven member for powered open- 
ing of the door from the closed position to an open posi- 



tion, and rotating the drive member in an opposite direc- 
tion toward the first angular orientation of the driving 
member at a speed faster than the door closer assembly 
rotates the driven member toward the first angular orien- 
tation of the driven member such that the driven member 
protrusion moves in the free space without engaging the 

driving surfaces when the door is allowed to close. 
Brief Description of Drawings 

[0009] For a more complete understanding of the present inven- 
tion, reference should now be had to the embodiments 
shown in the accompanying drawings and described be- 
low. In the drawings: 

[0010] FIG. 1 is cut-away perspective view of a door operator ac- 
cording to the present invention in position on a door with 
a push side linkage assembly. 

[0011] FIG. 2 is an exploded view of the door operator shown in 
FIG. 1 with a pull side linkage assembly. 

[0012] FIG. 3 is an exploded view of a drive mechanism according 
to the present invention for use with the door operator 
shown in FIG. 1. 

[0013] FIG. 4 is a longitudinal cross-section view of the assem- 
bled drive mechanism shown in FIG. 3. 

[0014] FIGs. 5 and 6 are perspective views of the drive mecha- 



nism shown in FIG. 3 in extreme positions of relative en- 
gagement. 

[0015] FIG. 7 is a close-up view of the drive mechanism and door 
operator shown in FIG. 1 when the door is in a closed po- 
sition. 

[001 6] FIG. 8 is a close-up view of the drive mechanism and door 
operator shown in FIG. 7 with the door in an open posi- 
tion. 

[001 7] FIG. 9 is a close-up view of the drive mechanism and door 
operator shown in FIG. 7 with the door moving in the 
closing direction. 

[0018] FIG. 10 is a close-up view of the drive mechanism and 

door operator shown in FIG. 7 with the door continuing to 
move in the closing direction. 

[0019] FIG. 11 is an exploded view of a door position assembly 
according to the present invention for use with the door 
operator shown in FIG. 1. 

[0020] FIG. 12 is a longitudinal cross-section view of the assem- 
bled door position assembly shown in FIG. 11. 

[0021] FIG. 13 is a close-up top plan view of the door position 
assembly in position on the motor drive shaft of the door 
operator shown in FIG. 1. 

[0022] FIGs. 14A and 14B are a flow diagram of an automated 



door operating sequence according to the present inven- 
tion. 

Detailed Description 

[0023] Certain terminology is used lierein for convenience only 
and is not to be taken as a limitation on the invention. For 
example, words such as "upper," "lower," "left," "right," 
"horizontal," "vertical," "upward," and "downward" merely 
describe the configuration shown in the FIGs. Indeed, the 
referenced components may be oriented in any direction 
and the terminology, therefore, should be understood as 
encompassing such variations unless specified otherwise. 

[0024] As used herein, the term "open position" for a door means 
a door position other than a closed position, including any 
position between the closed position and a fully open po- 
sition as limited only by structure around the door frame, 
which can be up to 180° from the closed position. 

[0025] Referring now to the drawings, wherein like reference nu- 
merals designate corresponding or similar elements 
throughout the several views, a door operator according 
to the present invention is shown in FIG. 1 and generally 
designated at 40. The door operator 40 is mounted adja- 
cent to a door 42 in a door frame 44 for movement of the 
door 42 relative to the frame 44 between a closed position 



and an open position. For the purpose of this description, 
only the upper portion of the door 42 and the door frame 
44 are shown. The door 42 is of a conventional type and 
is pivotally mounted to the frame 44 for movement from 
the closed position, as shown in FIG. 1, to an open posi- 
tion for opening and closing an opening through a build- 
ing wall 48 to allow a user to travel from one side of the 
wall 48 to the other side of the wall 48. 
[0026] Referring to FIGs. 1 and 2, the door operator 40 according 
to the present invention comprises a back plate 50, a mo- 
tor assembly 52, a door closer assembly 54 including a 
linkage assembly 56 for operably coupling the door oper- 
ator 40 to the door 42, and a controller 58. The back plate 
50 has substantially flat rear wall 60 and end walls 62. 
The back plate 50 is securely mounted to the upper edge 
of the door frame 44 using mounting bolts (not shown), 
or other fasteners. The back plate 50 extends generally 
horizontally with respect to the door frame 44. The motor 
assembly 52, door closer assembly 54, and controller 58 
are fixed to the back plate 50. A cover (not shown) at- 
taches to the back plate 50. The cover serves to surround 
and enclose the components of the door operator 40 to 
reduce dirt and dust contamination, and to provide a 



more aesthetically pleasing appearance. It is understood 
that although the back plate 50 is shown mounted directly 
to the door frame 44, the back plate 50 could be mounted 
to the wall 48 adjacent the door frame 44 or concealed 
within the wall 48 or door frame 44. Concealed door op- 
erators are well known in the art of automatic door opera- 
tors. 

[0027] jhe motor assembly 52 includes an electric motor 64 and 
a drive train. The motor 64 is a conventional 3 phase AC 
electric reversible motor with a motor drive shaft 68. A 
portion of the drive shaft 68 extends vertically from the 
housing of the motor 64. The motor 64 is reversible such 
that the rotation of the motor 64 in one direction will 
cause the drive shaft 68 to rotate in one direction and ro- 
tation of the motor 64 in the opposite direction will cause 
the drive shaft 68 to rotate in the opposite direction. Such 
motors are widely commercially available and the con- 
struction and operation of such motors are well known; 
therefore, the details of the motor 64 are not described in 
specific detail herein. A suitable motor 64 for use in the 
door operator 40 of the present invention is available 
from Brother of Somerset, New Jersey, as model no. 
BHLM15L-240TC2N, which is a 240 volt motor providing 



1/50 HP and a gear ratio of 240:1. 
[0028] In one embodiment of tlie invention, tlie drive train com- 
prises a drive gear 70, a roller chain 72, and a driven gear 
74. Tlie drive gear 70 and driven gear 74 comprise 
sprockets. Tlie drive gear 70 is mounted for rotation with 
the motor drive shaft 68. The roller chain 72 is keyed with 
the drive gear 70 and driven gear 74 so that when the 
drive shaft 68 and drive gear 70 are rotated, the driven 
gear 74 is likewise rotated, as will be described further 
below. 

[0029] The door closer assembly 54 is provided for returning the 
door 42 to the closed position when the door 42 has been 
opened either under power or manually. In addition to the 
linkage assembly 56, the door closer assembly 54 in- 
cludes a door closer 80 of standard construction which 
provides a closing force on the door 42 when the door is 
in an open position. The door closer 80 includes a rotat- 
ing operator shaft 82, a portion of which extends from 
both sides of the housing of the door closer 80 for driving 
the linkage assembly 56 to control the position of the 
door 42. Such door closers are well known in the art and 
do not require further description herein. A suitable door 
closer 80 for use in the door operator 40 of the present 



invention is a Norton 1601 surface mounted door closer 
available from Norton Door Controls of Monroe, North 
Carolina. 

[0030] FIG. 1 shows a linkage assembly 56 for a push side 

mounting of the door operator 40 to the door 42, com- 
prising a first rigid connecting arm link 86 and a second 
rigid connecting arm link 87. The first connecting arm link 
86 is fixed at one end for rotation with the lower end of 
the door closer shaft 82 and at the other end is pivotally 
connected to an end of the second connecting arm link 
87. The other end of the second connecting arm link is 
pivotally Joined to a mounting bracket 92 fixed to the 
door 42. 

[0031] FIG. 2 shows a linkage assembly 56 for a pull side mount- 
ing of the door operator 40 to the door 42. The pull side 
mounting linkage assembly 56 comprises a first rigid con- 
necting arm link 94, a second rigid connecting arm link 
95, and an elongated slide track housing 84 which is 
adapted to be mounted generally horizontally along the 
top of the door 42. One end of the first connecting arm 
link 94 is fixed for rotation with the lower end of the shaft 
82 of the door closer 80, which has been rotated 180° rel- 
ative to its position in FIG. 1. The other end of the first 



connecting arm link 94 slidably receives one end of tlie 
second connecting arm linl< 95. Tlie otiier end of the sec- 
ond connecting arm linl< 95 is pivotally connected to a 
slider 88. The slider 88 is disposed in an upwardly open- 
ing slot 90 provided in the slide track housing 84 and is 
capable of moving linearly back and forth within the inte- 
rior of the slide track housing 84 during opening and 
closing of the door 42. Rotation of the first connecting 
arm link 94 as the door 42 is moved in the opening direc- 
tion will cause the slider 88 to slide rectilinearly within the 
slide track housing 84 toward the hinged side of the door 
42. It is understood that the rotation of the motor drive 
shaft 68 for powered opening of the door 42 will be op- 
posite to that of the push side application described 
above. Reversal of initial motor 64 rotation direction can 
be accomplished using the controller 58. 
[0032] Both types of the linkage assemblies shown in FIGs. 1 and 
2 are well known in the art. Further, it should be under- 
stood that the linkage assembly 56 for use in the present 
invention may be any arrangement capable of linking the 
door closer 80 to the door 42 in such a manner that the 
door closer assembly 54 affects movement of the door 42. 
Thus, numerous alternative forms of the linkage assembly 



56 may be employed. Conventionally, the door closer as- 
sembly 54 typically includes an internal return spring 
mechanism such that, upon rotation of the door closer 
shaft 82 during door opening, the spring mechanism will 
be compressed for storing energy. As a result, the door 
closer 80 will apply on the linkage assembly 56 a moment 
force which is sufficient for moving the door 42 in a clos- 
ing direction. The stored energy of the spring mechanism 
is thus released as the door closer shaft 82 rotates for 
closing the door 42. The closing characteristics of the 
door 42 can be controlled by a combination of the loading 
of the return spring mechanism and the controlled pas- 
sage of fluid through fluid passages between variable vol- 
ume compartments in the door closer housing, as is 
known in the art. 
[0033] According to the present invention, a drive mechanism is 
provided between the drive train and the door closer as- 
sembly 54 and is generally designated at 100. When the 
door operator 40 is used for powered opening of the door 
42, the drive mechanism 100 transmits the rotation of the 
drive train of the motor assembly 52 to the door closer 
assembly 54 for opening the door 42. Referring to FIGs. 3 
and 4, the drive mechanism 100 comprises a drive assem- 



biy 102, including the driven gear 74 and a cam driver 
104, and a pinion extension 106. As described above, a 
sprocket functions as tlie driven gear 74 of the drive train 
and is operably connected with the drive gear 70 on the 
motor drive shaft 68 through the roller chain 72 (FIG. 1). 
The drive assembly 102 is thus operably connected for 
rotation with the motor drive shaft 68. 
[0034] jhe driven gear 74 is provided with a hollow circular body 
portion 108 coaxial with and depending from the 
sprocket. The body portion 108 has two radial threaded 
bores 109. The cam driver 104 is ring-shaped and in- 
cludes a partial wall 110 axially extending from a surface 
of the cam driver 104. The partial wall extension 110 has 
a first driving surface 112 and a second driving surface 
114. A free space is defined between the driving surfaces 
112, 114. The cam driver 104 is sized for receiving the 
body portion 108 of the driven gear 74. The cam driver 
104 includes two radial openings 115 which align with the 
threaded bores 109 in the body portion 108 of the driven 
gear 74. Threaded fasteners 116 secure the cam driver 
104 to the body portion 108 of the driven gear 74 
through the openings 115 such that the driven gear 74 
and cam driver 104 function integrally as a unit. 



[0035] The pinion extension 106 has a cylindrical shaft portion 
118 and a circular head portion 120 at one end which has 
a larger diameter than the shaft portion 118. The head 
portion 120 includes a radially projecting arch-shaped 
drive lug 126 having a first engaging surface 128 and a 
second engaging surface 130. 

[0036] Referring to FIG. 4, the pinion extension 106 is rotatably 
received within the drive assembly 102. The drive assem- 
bly 102 and pinion extension 106 are arranged such that 
the end of the drive assembly 102 rotates against the in- 
ner surface of the head portion 120 of the pinion exten- 
sion 106. In this configuration, the drive lug 126 on the 
pinion extension 106 is in the same plane as the partial 
wall extension 110 of the cam driver 104. The shaft por- 
tion 118 of the pinion extension 106 extends through the 
drive assembly 102 and is received in a needle bearing 
122 in a pillow block 124 which is secured to the back 
plate 50 (FIG. 1). As best seen in FIG. 2, a non-circular 
opening 132 is provided in the head 120 of the pinion ex- 
tension 106 for non-rotatably receiving the shaft 82 of 
the door closer 80. A spacer 123 is provided between the 
drive assembly 102 and the pillow block 124 to keep the 
pinion extension 106 on the shaft 82, and for providing 



room for operative engagement of the roller chain 72 and 
driven gear 74. 

[0037] The two extreme positions of the relatively rotatable cam 
driver 104 and pinion extension 106 are shown in FIGs. 5 
and 6. In the first position, shown in FIG. 5, the first driv- 
ing surface 112 of the cam driver 104 is adjacent the first 
engaging surface 128 of the lug 126. In the second posi- 
tion, shown in FIG. 6, the second driving surface 114 of 
the cam driver 104 is adjacent the second engagement 
surface 130 of the lug 126. The pinion extension 106 is 
free to rotate between the first and second positions in 
the free space defined by the driving surfaces 112, 114 of 
the wall extension 110 without the lug 126 engaging the 
wall extension 110. It should be apparent that a large 
range of rotational movement of the pinion extension 106 
is possible with this arrangement and that the range is 
only limited by the length of the arc of the wall extension 
110 and lug 126. Because the pinion extension 106 is se- 
cured to the door 42 through the door closer assembly 
54, this arrangement also allows associated movement of 
the door 42 during opening and closing without engage- 
ment of the drive train of the motor assembly 52. It 
should also be apparent that when the drive assembly 102 



is rotated by the motor 64, clockwise as seen in FIG. 5 and 
counter-clockwise as seen in FIG. 6, one of the driving 
surfaces 112, 114 will engage the adjacent engaging sur- 
face 128, 130 of the lug 126 thereby imparting rotation to 
the pinion extension 106 and the door 42 for moving the 
door 42 in the opening direction. Reversing the motor 64 
for rotation in the opposite direction will cause the driving 
surface 112, 114 to rotate away from the adjacent engag- 
ing surface 128, 130 of the lug 126 and, as will be de- 
scribed below, the door 42 will begin to move in the clos- 
ing direction due to the energy in the spring mechanism 
of the door closer 80. The pinion extension 106 will rotate 
with the door closer shaft 82 during movement of the 
door 42 in the closing direction. 
[0038] FIGs. 7-10 are close up views of the drive mechanism 100 
and door operator 40 as shown in FIG. 1 during an open- 
ing and closing cycle. In FIG. 7, the door 42 is in a closed 
position. In the closed position, the first driving surface 
112 of the cam driver 104 is adjacent the first engaging 
surface 128 of the lug 126. When the motor 64 is acti- 
vated, the cam driver 104 is rotated by the motor 64 as a 
part of the drive assembly 102. This, in turn, will rotate 
the pinion extension 106 thereby opening the door 42. 



The drive assembly 102 is rotated under power to a pre- 
determined position as sliown in FIG. 9, usually where the 
door 42 is fully open. As will be described more fully be- 
low, once the door 42 has reached the fully open position, 
the motor 64 reverses for rotating the drive assembly 102 
in the opposite direction and causing the driving surface 
112 of the cam driver 104 to move away from the engag- 
ing surface 128 of the lug 126 (FIG. 9). The door 42 will 
then be moved in a closing direction by the force of the 
door closer 80. The pinion extension 106 will rotate in the 
same direction as, but normally never contact, the cam 
driver 104. As shown in FIG. 10, the cam driver 104 will 
reach its original position before the pinion extension 
106, which will reach its original position (FIG. 7) when 
the door 42 is in the closed position. 
[0039] The controller 58 is in electrical communication with the 
motor 64, which is adapted to receive signals from the 
controller 58. The controller 58 includes a suitable micro- 
processor for controlling the operation of the motor 64 
and functions to generate appropriate signals to the mo- 
tor 64 for rotating the drive train in one direction or the 
other. The controller 58 may also function to maintain the 
door 42 in an open position for a selected period of time 



for enabling a person to go through the door opening. 
The controller 58 may also be adjusted to generate sig- 
nals which control the speed of the motor 64 for control- 
ling the speed of opening the door 42. It is understood 
that although the controller 58 is shown mounted to the 
back plate 50, the controller 58 could also be housed in- 
ternally within the wall 48, a ceiling, or remotely, such as 
in a mechanical room, for example. A suitable controller 
58 for use in the door operator 40 of the present inven- 
tion is available from KB Electronics, Inc. of Coral Springs, 
Florida. 

[0040] The controller 58 is part of an overall control system 

which may include an input device 136 (FIG. 1) in electri- 
cal communication with the controller 58 for allowing a 
user to selectively control the delivery of electrical energy 
to the motor 64. The input device 136 is operable to gen- 
erate a door movement signal to the controller which, in 
turn, is responsive to receiving the door movement signal 
to control operation of the motor 64 so as to selectively 
cause the motor 64 to rotate the motor drive shaft 68 and 
thereby effect powered opening of the door 42. The input 
device 136 may be of any known or desired type. For ex- 
ample, the input device 136 may consist of a manual push 



pad wall switch for being mounted on the wall 48, or a 
post, adjacent to the door 42. This arrangement is such 
that a user, such as, for example, a handicapped person 
wanting to pass through the door opening need only to 
press the push pad 136 for activating the door operator 
40 to open the door 42. Various other input devices are 
also suitable for use according to the present invention, 
including any type of switch, sensors and actuators, such 
as pressure pads as in a switch type floor mat and other 
mechanical switching devices, infrared motion sensors, 
radio frequency sensors, photoelectric cells, ultrasonic 
presence sensor switches, and the like. As a result of 
some of these input devices, an automatically operable 
door is caused to open by mere proximity of a person to 
the door. Such proximity may cause the door to operate 
by virtue of the interruption of a light beam, distortion of 
an electrical field or by actual physical closing of the 
switch by contact with the person or in response to the 
weight of the person approaching the door. Consequently, 
the particular manner for generating a door movement 
signal to the controller 58 for energizing the motor does 
not form part of the present invention and can be accom- 
plished through any of numerous well known means. 



[0041] In keeping with tlie present invention, a door position as- 
sembly is provided and is generally designated at 140. 
Referring to FIGs. 11 and 12, the door position assembly 
140 comprises a door closed position ring 142 and a door 
open position ring 144. The closed position ring 142 in- 
cludes a radial lug 146. The radial lug 146 has two cir- 
cumferentially spaced radial openings 148, 150 ( only one 
of which is visible in FIG. 11) for receiving a set screw 152 
and a magnet 154, respectively. The closed position ring 
142 is provided with a smaller diameter coaxial hollow 
body portion 156. The body portion 156 has an external 
annular groove 158. 

[0042] jhe open position ring 144 includes a wall extension 160. 
The wall extension 160 has two vertically spaced openings 
162, 164 for receiving a set screw 166 and a magnet 168, 
respectively. The open position ring 144 is sized for ro- 
tatably receiving the body portion 156 of the closed posi- 
tion ring 142 such that the wall extension 160 is in the 
same plane as the lug 146 on the closed position ring 142 
(FIG. 11). This configuration also positions the magnets 
154, 168 in the same plane and aligns the set screw 
opening 162 in the open position ring 144 with the annu- 
lar groove 158 in the closed position ring 142. The set 



screw 166 in the open position ring 144, wlien partially 
tightened, secures the rings 142, 144 against relative ax- 
ial movement, but will allow relative rotation until the set 
screw 166 is fully tightened. 
[0043] The door position assembly 140 is mounted on a hollow 
circular body portion 71 of the drive gear 70, coaxial with 
and depending from the sprocket. The assembly is then 
mounted 70 on the motor drive shaft 68 (FIGs. 1 and 2). 
As best seen in FIG. 13, a sensor 170, preferably an elec- 
tronic magnetic detection device, such as a reed switch or 
a Hall effect sensor, is secured to a bracket 172 in close 
proximity to the door position assembly 140. The sensor 
170 is responsive to the angular position of the door po- 
sition assembly 140 for transmitting to the controller 58 
an input signal which is indicative of the position of the 
door 42. Specifically, the sensor 170 becomes conductive 
as one of the magnets 154, 168 approach the sensor 170 
during rotation of the door position rings 142, 144. It is 
understood that the sensor 170 could be an optical sensor 
or a microswitch without departing from the present in- 
vention. 

[0044] The relatively rotatable door position rings 142, 144 allow 
for selectively setting the door positions at which an input 



signal is sent to tlie controller 58 indicating the door po- 
sition. Initially, when the door 42 is closed, the closed po- 
sition ring 142 is adjusted by manually rotating the closed 
position ring 142 relative to the motor drive shaft 68 so 
that the magnet 154 on the closed position ring 142 is 
aligned with the sensor 170 for signaling the controller 58 
that the door 42 is in the closed position. The closed po- 
sition ring 140 is then secured to the body portion 71 of 
the drive gear 70 by tightening the set screw 152. The 
open position ring 144 is then adjusted by manually ro- 
tating the open position ring 144 relative to the closed 
position ring 142 so that the magnet 168 on the open po- 
sition ring 144 is aligned with the sensor 170 when the 
door 42 is at a desired open position when the door 42 is 
opened under power. The open position ring 144 is se- 
cured to the closed position ring 142 with the set screw 
166. It is understood that the door position assembly 140 
can accommodate a range of door 42 opening angles, 
even beyond the 180°, due to the range of relative rotation 
of the position rings 142, 144 as limited only by the 
length of the arc of the lug 146 and the wall extension 
160. The selected limit of rotation would depend upon the 
desired characteristics of the door 42 installation. 



[0045] jhe door operator 40 includes an electrical circuit for pro- 
viding electrical communication between a source of elec- 
trical energy and the various electrical components. Aper- 
tures are formed in the back plate 50 for passage of elec- 
trically conductive wiring (not shown), including wiring 
from the controller 58 to the source of electrical energy, 
from the input device 136 to the controller 58, and be- 
tween the controller 58 and the motor 64. The electrical 
circuit associated with the door operator system 40 may 
contain a customary on/off switch to permit cutting of 
power in the event that it is desired to operate the door 
42 in manual mode only. 

[0046] To install the door operator 40, the back plate 50 is 
mounted to the upper edge of the door frame 44. The 
linkage assembly 56 is mounted to the door 42 for con- 
necting the door closer assembly 54 and the door 42. The 
user adjusts the door position assembly 140 and motor 
64 speed. The input device 136 is connected to the wall 
48 adjacent the door frame 44. The user may make any 
other systems connections which may be desired. 

[0047] In keeping with the present invention, the controller 58 
functions to provide a programmed operating sequence 
which directs the door operator 40 through opening and 



closing, and may include safety features to insure that op- 
eration is satisfactory and safe. An operating sequence 
according to the present invention is shown in FIGs. 14A 
and 14B and generally designated at 200. The sequence 
200 begins on FIG. 14A with a door in closed position 
step 202 and continues with a step 204 in which the door 
position sensor 170 senses the closed position ring mag- 
net 154 signaling the controller 58 that the door 42 is in 
the closed position. In a next step 206 of the operating 
sequence, the controller 58 receives a signal to open the 
door 42, which is typically generated by a user actuating 
the input device 136. This is immediately followed by a 
step in which the controller 58 activates the motor 64 
which begins to move the door 42 in an opening direc- 
tion. 

[0048] After the controller 58 activates motor step 208, the op- 
erating sequence 200 progresses to a decision step 210. 
The decision step 210 senses and determines if the door 
42 has encountered an obstruction. If NO, the motor 64 
continues to move the door 42 in an opening direction, 
and the program sequence 200 then progresses to a step 
212 at which the door position sensor 170 senses the 
door open position ring magnet 168. The operating se- 



quence 200 continues through a transfer circle 213 to FIG. 
1$B to a step 214. The step 214 causes the controller 58 
to stall the motor 64 for a predetermined period to hold 
the door 42 open, which is usually of sufficient duration 
for allowing a user to move through the opening. The stall 
time expires in a step 216. After the stall time expires 
step 216, the controller 58, in a step 218, causes the mo- 
tor 64 to reverse direction which, as described above, ro- 
tates the partial wall extension 110 of the cam driver 104 
away from the lug 126 of the pinion extension 106 as the 
door 42 is moved in the closing direction by the door 
closer assembly 54. The program sequence 200 continues 
with a step 220 in which the door position sensor 170 
senses the closed position ring magnet 154 indicating the 
door 42 is in the closed position. This is immediately fol- 
lowed by a step 222 in which the controller 58 deactivates 
the motor 64. After the program step 222, the operating 
sequence 200 continues through a transfer circle 223 to 
FIG. 14A and returns to the program step 202 with the 
door in the closed position. 
[0049] If the decision step 210 is YES, the door 42 has encoun- 
tered an obstruction during powered opening, the pro- 
gram sequence continues to a step 224 which causes the 



controller 58 to stall the motor 64 for a predetermined 
period to hold the door 42 at the obstructed position. The 
stall time expires in a step 226. After the stall time ex- 
pires in the step 226, the operating sequence 200 contin- 
ues through a transfer circle 227 to FIG. 14B to a program 
step 228. In the step 228, the controller 58 deactivates 
the motor 64. This allows the door closer assembly 54 to 
back drive the motor 64 and move the door 42 in the 
closing direction. The controller 58 could also cause the 
motor 64 to reverse direction (not shown) for rotating the 
partial wall extension 110 of the cam driver 104 away 
from the lug 126 of the pinion extension 106, as de- 
scribed above. In a step 230, the door position sensor 170 
senses the closed position ring magnet 154 indicating the 
door 42 is in the closed position. After the program step 
230, the operating sequence 200 continues through a 
transfer circle 229 to FIG. 13A and returns to the program 
step 202 with the door in the closed position. The ob- 
struction sensing feature of the operating sequence 200 
allows the door operator 40 to tolerate user or other in- 
terference at any point during powered opening of the 
door 42. If a user attempts to arrest the motion of an au- 
tomatically opening door 42, power is removed from the 



motor 64 so that the door 42 can be overcome by the 
user. This sequence is preferably initiated by detecting a 
motor current increase surpassing a predetermined value 
for a predetermined duration. In this embodiment, the 
controller 58 is provided with an appropriate feedback 
signal and is programmed to monitor the current going to 
the motor 64 to detect an obstruction impeding the 
movement of the door 42 as indicated by a spike in the 
motor current. It is understood that other operating pa- 
rameters could be monitored and we do not intend the 
limit the invention to the motor current. For example, the 
obstruction sensing means could also be a fuse or circuit 
breaker which will interrupt power to the motor and the 
clutch when the motor draws an excessive amount of 
power. 

[0050] When a user desires to open the door 42 and does not ac- 
tuate the input device 136, the user simply opens the 
door 42 by manually pushing or pulling on the door 42. 
According to the present invention, opening of the door 
42 by the user is restricted only by the spring force of the 
door closer 80. Door closing is accomplished and con- 
trolled by the door closer assembly 54. Because the lug 
126 of the pinion extension 106 is free to rotate within 



the free space defined by the wall extension 110 on the 
cam driver 104, the door 42 moves between the open and 
closed positions without engagement of the drive assem- 
bly 102. Thus, there is no movement of the power com- 
ponents of the door operator 40 and wear on the motor 
64 and drive train is minimized. Accordingly, the door op- 
erator 40 of the present invention enables the door 42 to 
be selectively operated under power or as a normal free 
swinging door with a door closer. 
[0051] The door operator 40 of the present invention can be 

used with a left-hand door or a right-hand door. Chang- 
ing from one application to the other requires an 180° ro- 
tation of the door operator 40. FIGs. 1 and 2 show the 
door operator 40 installed on a left-hand door 42. To in- 
stall the door operator 40 on a right-hand door 42, the 
door operator 40 must be flipped 180° and attached to 
the upper edge of the door frame 44. In this arrangement, 
the non-circular end (FIG. 3) of the pinion extension 106 
opposite the head 120 is secured for rotation with the end 
of the first connecting arm link 86, 94 of the linkage as- 
sembly 56. The drive mechanism 100 can alternatively be 
non-handed, in which case the cam driver 104 could be 
partially bored for rotatably receiving the pinion extension 



106. It is understood that either the cam driver 104 or 
pinion extension 106 would have to be rotatably secured 
to the back plate 50. Similarly, the pinion extension 106 
could be bored to receive the cam driver 104, which could 
carry the lug 126 and the pinion extension could present 
the partial wall extension 110. The cam driver 104 and 
pinion extension 106 could also be solid members. In this 
arrangement, the cam driver 104 and pinion extension 
106 could each carry the lug 126, wall extension 110, or 
other protrusion for effecting cooperative movement be- 
tween the members. 

[0052] The door operator 40 can also be used in a door assembly 
having a single door or multiple doors. For example, two 
door operators 40 could be provided adjacent a door 
frame to open and close opposing doors. The door opera- 
tor 40 of the present invention may also be provided as 
part of a retrofitting kit for mounting to a residential or 
commercial door assembly to thereby convert the door 
assembly to an selectively automatically operated door. 

[0053] According to the present invention, a door operator sys- 
tem is provided which meets the accessibility require- 
ments of the disabled while preserving the functionality 
necessary for meeting compliance requirements of the 



standard door closer. Typical compliance requirements, 
such as those established in the ANSI Guidelines, include 
minimum efficiency standards for door closers. For the 
powered mode of operation, the door operator 40 accord- 
ing to the present invention meets ANSI guidelines for low 
energy power operated doors (ANSI/BHMA 
A156. 19-2002). In the manual mode of operation, the 
door operator 40 according to the present invention func- 
tions as a typical manual door closer meeting the require- 
ments of a Grade 1 door closer as delineated in the ANSI 
Guidelines (ANSI/BHMA A156.4-2000). 
[0054] Although the present invention has been shown and de- 
scribed in considerable detail with respect to only a few 
exemplary embodiments thereof, it should be understood 
by those skilled in the art that we do not intend to limit 
the invention to the embodiments since various modifica- 
tions, omissions and additions may be made to the dis- 
closed embodiments without materially departing from 
the novel teachings and advantages of the invention, par- 
ticularly in light of the foregoing teachings. For example, 
some of the novel features of the present invention could 
be used with any type of powered door operator. Accord- 
ingly, we intend to cover all such modifications, omission. 



additions and equivalents as may be included within tlie 
spirit and scope of tlie invention as defined by tlie follow- 
ing claims. In the claims, means-plus-function clauses are 
intended to cover the structures described herein as per- 
forming the recited function and not only structural 
equivalents but also equivalent structures. Thus, although 
a nail and a screw may not be structural equivalents in 
that a nail employs a cylindrical surface to secure wooden 
parts together, whereas a screw employs a helical surface, 
in the environment of fastening wooden parts, a nail and a 
screw may be equivalent structures. 
[0055] We claim: 



